Leptin, the key regulator of mammalian energy balance, has been at the center of a great controversy in avian biology for the last 15 years since initial reports of a putative leptin gene (LEP) in chickens. Here, we characterize a novel LEP in rock dove (Columba livia) with low similarity of the predicted protein sequence (30% identity, 47% similarity) to the human ortholog. Searching the Sequence-Read-Archive database revealed leptin transcripts, in the dove's liver, with 2 noncoding exons preceding 2 coding exons. This unusual 4-exon structure was validated by sequencing of a GC-rich product (76% GC, 721 bp) amplified from liver RNA by RT-PCR. Sequence alignment of the dove leptin with orthologous leptins indicated that it consists of a leader peptide (21 amino acids; aa) followed by the mature protein (160 aa), which has a putative structure typical of 4-helicalbundle cytokines except that it is 12 aa longer than human leptin. Extra residues (10 aa) were located within the loop between 2 5Ј-helices, interrupting the amino acid motif that is conserved in tetrapods and considered essential for activation of leptin receptor (LEPR) but not for receptor binding per se. Quantitative RT-PCR of 11 tissues showed highest (P Ͻ .05) expression of LEP in the dove's liver, whereas the dove LEPR peaked (P Ͻ .01) in the pituitary. Both genes were prominently expressed in the gonads and at lower levels in tissues involved in mammalian leptin signaling (adipose; hypothalamus). A bioassay based on activation of the chicken LEPR in vitro showed leptin activity in the dove's circulation, suggesting that dove LEP encodes an active protein, despite the interrupted loop motif. Providing tools to study energy-balance control at an evolutionary perspective, our original demonstration of leptin signaling in dove predicts a more ancient role of leptin in growth and reproduction in birds, rather than appetite control. (Endocrinology 155: 3376 -3384, 2014) 
I
n mammals, leptin is a 16-kDa peptide hormone that plays a key role in neuroendocrine and peripheral regulation of energy homeostasis (1) (2) (3) . Leptin is secreted almost exclusively from adipose tissue in amounts that are proportional to fat stores (4) and caloric intake (5) . Null mutations in the leptin gene (LEP) or its transmembrane leptin receptor (LEPR) lead to a phenotype of extreme obesity in obese (ob/ob) (1) or in diabetes (db/db) (6) mice, respectively. Thus, both leptin and its receptor play critical and nonredundant roles in the control of food intake and energy expenditure, thereby affecting body weight (BW), fat accumulation, thermogenesis, insulin sensitivity, and lipid metabolism (3, 7, 8) . Leptin is also involved in regulation of other processes more distantly related to energy homeostasis, such as puberty (9, 10) , the reproductive cycle (11) , immune response (12) , neural development (13) , and bone growth (14) . In nonmammalian vertebrates (ie, frog, lizard, and fish), expression of leptin is more wide spread and detectable in the liver, brain, skin, ovaries, and other tissues (15) (16) (17) (18) . Concomitant with this wider expression profile, leptin seems to exert greater pleiotropic effects in development, physiology, and behavior in these species (15, 19 -24) . However, deciphering the exact role and mechanism of action of leptin in birds and nonmammalian vertebrates is still in its infancy.
In this work, we characterized LEP in the rock dove (Columba livia), which is also referred to as the rock pigeon. Our discovery of a bona fide LEP in the class Aves resolves a 15-year-old controversy about the existence of leptin in birds by providing a more comprehensive understanding of leptin evolution in vertebrates. To date, 125 papers have been published on leptin in birds, mainly from experiments in the chicken, and their whole-genome shotgun (WGS) database clearly lacks LEP. Most of these reports describe unverified PCR amplicons (eg, Refs. [25] [26] [27] [28] [29] , or use heterologous leptins and antisera, or detection tools that are based on the unconfirmed sequence of presumed leptin amplicons (eg, Refs. 30 -42) . Although heterologous approaches often yield valuable results, several critical papers have questioned the existence of avian LEP, particularly in chickens (43) (44) (45) (46) (47) (48) (49) (50) . These publications demonstrate 1) the irreproducibility of chicken leptin by PCR (43) (44) (45) (46) 48) , 2) the inability to detect chicken LEP gene or its products by other methods (43-45, 47, 49, 51) , and 3) characterization of LEP deletion in the chicken genome compared with the human LEP locus (49) . The present study provides a true avian LEP gene as a novel tool for studying the role of leptin and LEPR signaling in birds and to help decipher the mystery of the missing LEP in domestic fowl (galloanserae), which include landfowl (galliformes) and waterfowl (anseriformes).
Materials and Methods
All animal procedures were carried out in accordance with the National Institutes of Health Guidelines on the Care and Use of Animals and Protocol number 356-0479-06, which was approved by the Animal Experimentation Ethics Committee of the Agricultural Research Organization, Volcani Center.
Animals and tissue sampling
Wild rock doves were captured by Horesh Ecological Solutions Ltd and fed ad libitum with a commercial dove ration. BW was measured, and blood was taken from a wing vein with a sterile syringe for serum. After cervical dislocation, the indicated tissues were quickly removed, snapped frozen in liquid nitrogen, and used for isolation of RNA. Female and male doves were selected for this study according to similar body size (270 Ϯ 20 and 300 Ϯ 20 g, respectively), gonad size (0.3 Ϯ 0.2 and 0.4 Ϯ 0.25% of BW, respectively), and abdominal fat (0.2 Ϯ 0.2% of BW in both females and males). Using this selection of doves, no significant differences in leptin expression was found between the genders.
Gallus gallus chickens (Broiler Cobb-Vantress and layer Lohmann), Meleagris gallopavo (BUT) turkeys, and Anser cygnoides (Graylag) geese were obtained from local hatcheries at 1 day of age. Growing conditions and feeding were according to the recommendation of the breeder companies. Feed restriction was performed for broilers breeders according to the commercial guidelines and for layers by providing them with 70% ad libitum feed for 2 weeks. Feed restricted chickens were sampled at 1 and 6 months of age.
Comparative sequence analysis
For characterization of leptin genes not yet annotated from multiple avian genome assemblies, sequence homology searches were carried out in various, publicly available databases (nonredundant nucleotide collection, Sequence-Read-Archive, and WGS at NCBI and Ensembl) using the BLAST family of programs. Relevant sequence entries were downloaded with their quality information (FASTQ format) and reassembled using the GAP5 software (52) . The amino acid sequences were aligned using CLUSTALW (http://www.genome.jp/tools/clustalw/) with the default parameters and the GONNET matrix, and colored using theBOXSHADEprogram(http://www.ch.embnet.org/software/ BOX_form.html). The annotated sequences reported here are available in GenBank under accessions numbers HG425120-3 and HG797022.
Preparation of RNA and cDNA
Total RNA was extracted using RNAzol B solution (Tel-Test, Inc) according to the manufacturer's instructions. Briefly, 0.2 g of tissue or pooled tissue (for hypothalamus and pituitary gland) was homogenized in 0.2-mL RNAzol B solution using a Polytron PT3000 homogenizer (Kinematica). After centrifugation, the RNA in the upper phase was reextracted with a phenol-chloroform solution and precipitated with ethanol. The Turbo DNAfree kit was used for elimination of genomic DNA according to the manufacturer's protocol (Ambion). RT reactions were carried out using 2-g total RNA as template and a high-capacity cDNA RT kit (Applied Biosystems) according to the manufacturer's protocol.
Polymerase chain reaction
A fragment containing the complete coding sequence for dove leptin was amplified from liver cDNA by using 2-step PCR procedure. Primer pair (24F, 5Ј-CGGGACGGGACCCACGG-3Ј and 14R, 5Ј-AAGGGAGGGACAGAGGAGCC-3Ј) was used at the first step, and primer pair (5F, 5Ј-CAGCGAGTGGGTG-CAAGTC-3Ј and 23R, 5Ј-GCTGTCCCCAGCGTGTCC-3Ј) was used as nested primers in the second step. The first and second PCRs were performed in a total volume of 10 L containing 5-L MyTaq HSRed Mix (catalog number BIO-25047/S; BioLine) ready mixture containing 1 L of cDNA or of DNA template (1:100 diluted products of first PCR step); 10 pmol of each primer; and 0.5 L of dimethyl sulfoxide. The PCR amplification conditions were: initial denaturation at 95°C for 1 minute; 30 cycles at 95°C for 20 seconds; annealing at 63 or 65°C in first and second step of PCR procedure, respectively, for 20 seconds; 72°C for 20 seconds; and final extension step at 72°C for 5 minutes. The PCR product was separated on 1.2% agarose gels, excised from the gel, purified with the DNA Montage Gel Extraction kit (Millipore), and sequenced using an ABI 3730 sequencer.
Quantitative RT-PCR (qRT-PCR)
The qRT-PCR analysis was performed using Fast SYBR Green Master Mix (Applied Biosystems) according to the manufacturer's protocol and our recent publication (53) . The cDNA templates from the indicated tissues (2 L) were used with primers specific for the dove leptin cDNA sequence (GenBank accession number HG797022) and for the dove LEPR (GenBank accession number EMC79148). The primer pairs used were forward, 5Ј-GTGGCCAACGACACCGAGAA-3Ј and reverse, 5Ј-TGGCGATGGCATCCAGACA-3Ј, which provided a 191-bp amplicon in the last LEP exon; and forward, 5Ј-TGTTCCAG-CAGCCACTTCAA-3Ј and reverse, 5Ј-CGGACTGCCTTGTT-GTTTCC-3Ј, which amplified a 84-bp fragment of the last LEPR exon. Gene expression was normalized to the housekeeping gene C. livia ribosomal protein S17 like (RPS17L; GenBank accession number XM_005515505), using the forward primer: 5Ј-GAC-CCGGACACCAAGGAAAT-3Ј and reverse, 5Ј-GCGGCGTT TTGAAGTTCATC-3Ј, which amplified a 100-bp product. The standard curve slope for all of the primers was Ϫ3.32 Ϯ 0.2 and R 2 was 0.99 Ϯ 0.01. The qRT-PCR analysis was performed using the StepOnePlus Real-Time PCR System (Applied Biosystems) with the following cycling protocol: 95°C denaturation for 10 minutes, followed by 40 cycles of 95°C denaturation (15 s), 60°C annealing (40 s), and 72°C extension (30 s). At the end of the qRT-PCR, a melting curve was examined to verify the presence of a single amplicon. Relative quantification was calculated using the 2
Ϫ⌬Ct method. The resultant arbitrary units were multiplied by 1000. All experiments were run in triplicate and repeated until variations between repeats were below 10%. The PCR products were purified, and fragment identity was confirmed by DNA sequencing.
Leptin bioassay
Leptin activity was measured using a bioassay consisting of HEK-293 cells expressing exogenous full-length chicken LEPR cDNA and the firefly luciferase gene, under the control of a signal transducer and activator of transcription 3 (STAT3)-binding element (51, 54) . This STAT3-responsive promoter, derived from interferon regulatory factor-1, precedes the herpes simplex virus thymidine kinase minimal promoter in the reporter construct (54) . The leptin bioassay was performed as described earlier (51) .
Briefly, cells were grown at 37°C and 5% CO 2 in DMEM plus 10% fetal calf serum, and a day before the experiment, cells were plated in 48-well tissue-culture plates (Nunc, Thermo Scientific) at a concentration of 2 ϫ 10 5 cells per well and a final volume of 500 L of DMEM (Gibco/BRL, Life technologies). The next day, medium was replaced with fresh DMEM (300 L) or with medium containing either recombinant human leptin (Protein Laboratories PLR Ltd) human interferon (Biological Industries) or dove serum samples (30 L/well), in quadruplicate. Leptin antagonist (10 g/mL; Protein Laboratories PLR Ltd) was added into 2 wells of each quadruplicate. After 4 hours of incubation, the medium was aspirated, the cells were lysed by adding 100-L Promega cell lysis reagent (Promega), and luciferase activity was measured using the TD20e luminometer (Turner Design).
Leptin antagonist
The leptin antagonist is a pegylated superactive mouse leptin mutant (L23D/L39A/D40A/F41A) that exhibits high affinity to LEPRs due to the L23D mutation but is not capable of activating LEPRs due to the mutations L39A, D40A, and F41A (55). Our dose-response curve described recently (56) provided an optimal antagonist dosage for blocking the chicken LEPR activity in the present bioassay.
Statistical analysis
Statistical analyses of the qRT-PCR analysis and the leptin bioassay were performed by one-way ANOVA and TukeyKramer honestly significant difference test (P Յ .05).
Results and Discussion
Characterization of the dove LEP gene structure
The recently annotated leptin-like sequences of birds (including zebra finch [Taeniopygia guttata; gene ID, 101233729], falcons [Falco peregrinus and Falco cherrug; GenBank accession numbers HG425121 and HG425122, respectively], and Tibetan ground tit [Pseudopodoces humilis; GenBank accession number HG425120-3]) was used to tblastn search the Sequence-Read-Archive database that stores raw sequence data from deep sequencing technologies, including a rock dove genomics project (57) . This search revealed sequence reads from DNA and RNAseq (RNA sequencing) analyses with high GC content and repeats, which resembled leptin and for the most part were missing from the build of the dove genome that was submitted to the WGS database. We downloaded these reads with their quality information (FASTQ format) and reassembled them using GAP5 software (52), extending the dove contigs with matching reads, and found that the dove LEP gene consists of 4 exons ( Table 1) . Two noncoding exons (exon 1A and 1B) preceded the first coding exon (exon 2), in agreement with the sequence of the introns and canonical splice sites that were also evident in the genomic submission (GenBank accession number AKCR01028476). The third exon, capable of encoding most of the protein, ends at a TGC codon (Table 1) , which corresponds to the cysteine codon in the motif of the lasso knot typical of most leptins (3Ј arrow; Figure 1A ). Like mammalian leptin, the acceptor splice site of exon 2 was immediately (11 bp) followed by an initiation codon and a sequence encoding a predicted signal peptide of 21 amino acids (aa), orthologous to the peptide leaders in other leptin precursors ( Figure 1A) . Together, the translated regions of exon 2 (27 aa) and of exon 3 (133 aa) predict a mature dove leptin protein composed of 160 aa, which is 12 aa longer than mature human leptin.
Characterization of the predicted dove leptin
Alignment of the dove leptin with human (30% identity and 47% similarity) and reptilian (54% identity and 68% similarity) leptins, as well as with other recently annotated avian leptins (50%-62% identity and 57%-71% simi-
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Friedman-Einat et al Leptin Gene in Dove Endocrinology, September 2014, 155(9):3376 -3384 larity), confirmed the identity of leptin in the rock dove ( Figure 1A ). The 2 cysteines residues forming a lasso knot (58) were conserved in all known leptins. Three-dimensional modeling of the mature dove leptin, based on the crystallized structure of human leptin (59), indicated that it fitted the structure of a typical 4-helical bundle cytokine (helices A-D; Figure 1B ). The structural resemblance between dove and human leptin is compatible with previous reports of similar secondary and tertiary structures of leptin from divergent origins (amphibians, reptiles, and fish) (15, 50) , despite their low primary sequence similarity. The antiparallel helices designated A-D are also characterized for other class I cytokines, but the small helical segment designated helix E in the loop linking helices C and D is characteristic of most leptins (59). The additional 10-aa residues in the mature dove leptin were located within the loop between the 2 5Ј helices (loop AB) interrupting the amino acid motif that is conserved in mammals and tetrapods and is considered essential for activation of the LEPR but not receptor ligand-binding activity ( Figure  1A ) (15, 23, 59 ). In the crystallized structure (59), the AB loop in mammalian leptin was found to have a poor density in its first part (amino acid residues Thr49 to Gly69) ( Figure 1A ), which indicates high flexibility of this region. Therefore, it seems that this difference does not impose a significant conformational change in the structure of dove leptin compared with others. However, mutations of amino acids within loop AB (position 70 -72, Figure 1A ) cause leptin to lose receptor activation function but retain receptor-binding activity, thereby generating an antagonist (Materials and Methods section and Ref. 60) . Because these three amino acids (leucine, aspartic acid, and phenylalanine) are conserved in tetrapods (15) and not in birds ( Figure 1A ), further studies are required to establish the precise mode of action of the avian leptin orthologs.
Molecular phylogenetic analysis
The number of amino acid substitutions within the aligned leptin sequences was used to construct the leptin phylogeny tree by the neighbor-joining method ( Figure  1C ). The novel avian leptins cluster showed a closer similarity to reptiles than to mammals. Agreement with the evolutionary records was also observed within the avian species; and the recent tree branch between Tibetan ground tit and zebra finch leptins reflected their common origin (Passeriformes). However, the previous GenBank submissions of chicken, turkey, and duck "leptin" sequences (ie, the false galloanserae) would place these avian leptins more similar to mice than even the rat is to mouse (Figure 1C ), which suggests that these "false galloanserae" LEP sequences originated from contaminations of laboratory mice. It is obvious that these erroneous avian LEP sequences should be withdrawn from GenBank.
If the LEP gene was present in the genome of the galloanserae clade, the newly identified LEP sequences in the dove and other birds ( Figure 1A) should provide an optimal query sequence for its identification by BLAST searches. However, no significant sequence similarity to LEP could be found in the chicken/turkey/duck genome sequences, in the large collection of chicken expressed sequence tags (61, 62) , or in our own chicken genome resequencing (at ϳ20-fold coverage, obtained with an Illumina HiSeq 2000 platform) (data not shown). Therefore, paradoxically, our discovery and characterization of the first true avian LEP gene provided additional strong support to previous arguments (43-51, 61, 62) that LEP is missing in chickens, and in other poultry species (turkey and duck) that have whole-genome sequences in GenBank. Because LEPR is present in avian genomes, its function or alternative signaling, in the absence of endogenous Exon and intron sizes are given in base pairs. Intron and exon sequences are written in lowercase and uppercase letters, respectively. The first and last 2 bases of introns (gt and ag for donor and acceptor splice sites, respectively) are in bold type. Minimal size of intron with partially assembled sequences is indicated (Ͼ). The first coding exon was labeled "exon 2" in concordance with the numbering of its mammalian ortholog. Noncoding exons that precede the initiator, in succession one after the other, were numbered "exon 1A" and "exon 1B. 
Expression of the dove LEP and LEPR genes
The repetitive high GC content of dove LEP hampered assembly of the LEP locus in the submitted dove genome sequence (57) . To verify the transcription of the 4-exon structure presented in Table 1 , we carried out a nested PCR scheme with the forward primers designed in the noncoding exons to amplify the GC-rich product (721 bp, 76% GC) from liver mRNA using a specific PCR protocol optimized for this purpose (see figure 3 below) . Sequence analysis of the amplified PCR product confirmed the intron-exon borders described in Table 1 .
Using a 191-bp amplicon within exon 3, we analyzed the tissue expression pattern of dove LEP by qRT-PCR ( Figure 2B ). The highest abundance of LEP transcript was found in the liver, testis, and ovary, whereas lower expression was observed in abdominal fat, heart muscle, pituitary gland, and hypothalamus. Leptin was not detected in the brain, proventriculus (glandular stomach), pancreas, or duodenum. This expression pattern in the rock dove is in a sharp contrast to that of mammals, which is largely confined to the adipose tissue, and more similar to LEP expression patterns in tissues of teleost fish and reptiles (15-18, 22, 23, 63-67 and references therein). The more wide-spread pattern of LEP expression in tissues of the rock dove compared with mammals suggests an alternative promoter and/or adaptive control mechanism, which could explain the 4-exon structure (Table 1) . But more extensive RNA-seq analysis of dove tissues is needed to support this possibility. In mammals, the liver does not express LEP even in extreme cases of steatosis, in which hepatocytes accumulate high amounts of fatty acids (68) , therefore this difference in the LEP expression pattern between mammalian and nonmammalian species suggests a functional difference of leptin activity. Nevertheless, lep- 
tin has been implicated in regulation of appetite and energy balance in most nonmammalian species (for reviews, see Refs. 22, 69). Therefore, it is possible that leptin is also involved in the control of appetite and energy balance in the dove. A blastp search of GenBank for sequence similarity to the human isoform 1 LEPR precursor (GenBank accession number NP_002294) indicated that dove LEPR (GenBank accession number EMC79148) is slightly more similar to the human LEPR (49% identity and 65% similarity) than chicken (GenBank accession number NP_989654) is to human LEPR (48% identity and 64% similarity) and that dove and chicken LEPRs has a relatively high resemblance (74% identity and 84% similarity). This suggests that dove LEPR could display the same functionality that is shared between the human and chicken LEPRs, which are activated by a broad spectrum of leptins (51) .
Profiling of the expression pattern of dove LEPR in 11 tissues was performed by qRT-PCR using an amplicon located within the last exon of the dove LEPR ( Figure 2C ). This exon is orthologous to the last exon, which is present only in the long isoform 1 of the human receptor. This long LEPR isoform has the intracellular domain and is fully capable of signaling. As shown in Figure 2C , the long form of the dove LEPR is dominantly expressed in the pituitary gland, rather than the hypothalamus, which contains the feeding and satiety centers. A lower level was detected in the gonads, which was significantly (P Ͻ .05) higher than the expression level in the hypothalamus, brain, abdominal fat, heart muscle, or liver. In mammals, the main site of action of the LEPR is the hypothalamus in the arcuate, ventromedial, paraventricular, and dorsomedial nuclei (70, 71) , which are the relevant sites for the regulation of appetite and energy homeostasis. Nevertheless, significant expression was reported also in the anterior pituitary and gonads (72) (73) (74) (75) (76) (Table 1) . B, Tissue distribution of dove LEP mRNA using qRT-PCR. The indicated dove tissues were analyzed in triplicates and normalized to a housekeeping gene (ribosomal 17S protein; RPS17L). Highest expression (*, P Ͻ .05) was observed in the liver (n ϭ 10). LEP expression in abdominal fat (abd. fat) was detectable in 4 out of 10 birds. Relatively low levels were detected in the heart muscle and in hypothalamus (hypo.) and pituitary (pitu.), which were analyzed in tissue pools (3 pools; total of 10 individuals). No expression could be detected in brain, stomach or proventriculus (stom.), pancreas (panc.), and duodenum (duod.). Four birds were sampled for each tissue unless otherwise indicated. Error bars indicate SEM. C, Tissue distribution of dove LEPR mRNA using qRT-PCR. Analysis followed the procedures described for B, using the same cDNA samples. Highest expression was observed in the pituitary (**, P Ͻ .01) and the gonads (*, P Ͻ .05). (Figure 2B ), which is similar to a previous report in frog (22) , supporting the hypothesis that the more ancient role of leptin is in the control of somatic growth and reproduction rather than appetite.
Circulating leptin activity in rock dove
To verify bioactivity of dove leptin, we used our established in vitro bioassay for leptin activity, which is based on activation of the chicken LEPR (51) . As indicated in Figure 3A , dove serum samples increased the expression of the luciferase reporter by 3-to 4-fold. This reporter gene transcription is controlled by a STAT3-responsive promoter (54); therefore, its induction demonstrates signaling through the chicken LEPR. To further support the specificity of leptin activation of the LEPR, a well-established murine leptin antagonist (60, 78) was used to block leptin signaling in the bioassay. Addition of this leptin antagonist blocked activation by both dove sera and human recombinant leptin, used as a control ( Figure 3A) , while not affecting activation of luciferase by interferon, which is mediated via the interferon receptor. Thus, we demonstrated the specificity of the antagonist in inhibition of the leptin signaling pathway. This observation stands in stark contrast to the absence of detectable leptin activity in sera samples of chicken, turkey, and goose ( Figure 3B and Ref. 51 ) and may be compatible with the lack of the LEP gene and its protein products in these species. Alternatively, it could be possible that leptin activity in galloanserae is below the level of detection in our bioassay. The observed leptin activity in the dove sera samples agrees with the expected cross-reactivity between leptins and LEPRs from different species (22, 51, 60) as well as with the indication of structural similarity ( Figure 1B) . Furthermore, these results suggest that the dove LEP encodes an active protein despite the interrupted AB loop motif. Despite the variation in the AB loop, dove leptin could activate the LEPR similarly to the mammalian and reptilian orthologs. Or other alternatively spliced products of the dove LEP gene could be active in the dove's circulation.
The sequence similarity, the gene and protein structure similarities, and the apparent circulating leptin activity support our conclusion that the dove LEP is a true avian LEP ortholog. An additional indication comes from characterization of the LEP gene in the falcon, which its WGS assembly has been less hampered by the repetitive GC content. In the assembled falcon LEP contig, we found that a 3Ј-neighboring gene shows 56% identity and 68% similarity to rat RNA-binding motif protein 28 (80) , which strongly indicates that these sequences are orthologous to mammalian LEP. While this latter manuscript and the current work were under consideration for publication, this synteny in the LEP loci between humans and LEP-bearing birds was confirmed (79) . The latter publication also suggests existence of a LEP gene in the duck based on a single 90-bp leptin-like sequence from RNA-seq analysis, despite the absence of the LEP gene in the current build of the duck genome sequence. Therefore, the question of whether the LEP gene is actually missing in all poultry species (galloanserae), which have no LEP gene mapped to their whole-genome sequence in GenBank, remains an open and unsolved mystery.
Our characterization of the first avian LEP gene provides an important milestone towards advancing our understanding of the control of energy balance in birds. In addition, our work helps resolve the protracted controversy regarding the existence of leptin in birds by demonstrating their division into those that have retained LEP and those that have lost LEP during evolution; and by providing relevant molecular tools for the further study. We suggest that these 2 avian groups provide a unique model system to study the control of energy balance and its evolution. Furthermore, this comparative study could reveal alternative pathways to that of the leptin pathway, in the control mechanism of energy balance.
